REMARKS 

This is in response to the Office Action dated July 5, 2005. In view of the foregoing 
amendments and following representations, reconsideration is respectfully requested. 

Initially, the specification and abstract have been reviewed and revised, and a 
substitute specification and abstract has been prepared. No new matter has been added . 
Also enclosed is a Tnarked-up" copy of the original specification and abstract to show the 
changes that have been incorporated into the substitute specification and abstract. The 
enclosed copy is entitled "Version with Markings to Show Changes Made " 

Further, to place the claims in a preferred format, original claim 1-4 have been 

canceled and replaced with new claims 5-18. Each of the new claims has been drafted so 

as to comply with the provisions of 35 U.S.C. 112, second paragraph. 

***** 

On page 2 of the Office Action, claims 1-4 are rejected under 35 U.S.C. § 103(a) as 
being unpatentable over JP 04-308355 (hereinafter "JP '355). 

As described in the rejection, JP '355 includes fuel injection lines 21 A-21 F, each of 
which has the same length. The Examiner indicates that it is known that equal fuel line 
length for each cylinder is important in achieving balanced fuel delivery to each of the 
cylinders of the engine. 

JP '355, however, achieves the equal pipe length apparently by individually 
configuring each of the pipes so that they are of equal length. As illustrated in drawing Fig. 
1 of JP '355, the pipes do not cross over any of the other fuel injection pipes. Therefore, 
JP '355 does not meet each and every limitation of new independent claims 5 and 6. It is 
noted that original independent claim 1 contained a similar limitation. 

In the rejection, the Examiner has noted the difference between the claimed 
invention and that of the applied reference; however, the Examiner has not explained why 
the invention as a whole would have been obvious to one of ordinary skill in the art at the 
time the invention was made. The Examiner is apparently taking the position that because 
the underlying problem is known, a solution is obvious even though the solution is 
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undisclosed in the prior art. The Examiner is requested to cite legal authority that would 
support such a position. 

Note, recognition of the problem does not render each solution obvious without an 
explanation of why the particular solution would have been obvious to one of ordinary skill 
at the time of the invention was made. In the absence of an explanation supported by 
specific factual findings based on evidence or sound scientific reasoning, the rejection is 
merely conclusory in nature and is not sufficient to establish a prima facie case of 
obviousness. Further, the Examiner does not explain how JP '355, or the general 
knowledge in the art, provides a teaching, suggestion or motivation to modify the JP '355 
piping structure to produce the piping structure set forth in independent claims 5 and 6. 
Furthermore, the pipes in JP '355 are already of equal length, and thus there would have 
been no incentive to modify the JP '355 piping structure. 

In a proper obviousness determination, "whether the changes from the prior art are 
'minor', ... the changes must be evaluated in terms of the whole invention, including 
whether the prior art provides any teaching or suggestion to one of ordinary skill in the art 
to make the changes that would produce the patentee's. . .device." In reChu . 36 USPQ2d 
1089, 1094 (Fed. Cir. 1995) citing Northern Telecom, Inc. v. Datapoint Corp. , 15 USPQ2d 
1321, 1324 (Fed. Cir.) cert, denied, 498 U.S. 920 (1990). This includes what could be 
characterized as simple changes, as in In re Gordon , 221 USPQ 1125, 1127 (Fed. Cir. 
1 984). (Although a prior art device could have been turned upside down, that did not make 
the modification obviousness unless the prior art fairly suggested the desirability of turning 
the device upside down.) 

Reference is made to page 8, lines 3-27 of the present specification, which 
describes advantages of the present invention in contrast with conventional piping 
structure. Further, in the prior art example described on pages 1-3 of the specification, fuel 
exits 22A to 22F are pitched irregularly, and the distance between the fuel injectors 1 A to 
1F and each of the fuel exits 22A to 22F is made shorter to allow the injection pipes to 
have the same length. This arrangement does reduce irregularities in the amount of the 
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fuel injected, however, this particular solution creates other problems such as those 
described on page 2, line 24 to page 3, line 11 of the specification. 

The present invention provides fuel injection pipes that have the same length, 
without the necessity bending or forming the injection pipes into complicated shapes as in 
the JP '355. The "crossed" piping arrangement is not merely a matter of design choice but 
is a feature, which is unsuggested in the prior art, and provides clear advantages over the 
prior art arrangements such as increased productivity and reliability. 

In view of the above, it is submitted that the present invention, as defined in new 
independent claims 5 and 6, is clearly allowable over JP '355. Note that dependent claims 
7-18 are directed to the specific embodiments illustrated in the drawing figures. Thus, 
claims 7-18 are also clearly allowable over the prior art of record. 

In view of the above, it is submitted that the present application is now clearly in 
condition for allowance. The Examiner therefore is requested to pass this case to issue. 

In the event that the Examiner has any comments or suggestions of a nature 
necessary to place this case in condition for allowance, then the Examiner is requested to 
contact Applicant's undersigned attorney by telephone to promptly resolve any remaining 
matters. 



MSH/kjf 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
November 3, 2005 



Respectfully submitted, 



Hatsuo ANDO et al. 




Michael S. Huppert 
Registration No. 40,268 
Attorney for Applicants 
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# ^PIPING STRUCTURE OF FUEL INJECTION PIPES FOR ENGINE 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a piping structure of fuel injection pipes applied to a 
diesel engine and the like. More particularly, the invention relates to a piping structure of 
fuel injection pipes for an engine having such advantages that irregularities in the amount 
of fuel injection are reduced to enhance engine performance, or productivity and reliability 
of the piping structure can be enhanced. 

Description of the Related Art 

Japanese Patent No. 2797745 (patent document 1) can be given as one example of 
known arts with respect to a fuel injection device of an internal combustion engine. 

Fig. 7 is a plan view of the fuel injection device disclosed in the patent document 1 . 
A diesel engine shown in Fig. 7 includes six cylinders, and each of fuel injectors( inj e ction 
injection valves) 1 a to 1f is provided with each of the cylinders. Each of the fuel injectors 1a 
to 1f is connected to a fuel accumulator 22 via injection pipes 21a to 21f respectively 
corresponding thereto. The fuel accumulator 22 is formed in a common rail 53 which 
extends linearly. Fuel exits 22a to 22f are provided in the fuel accumulator 22 in the 
common rail 53. 

A fuel pump 2 is connected to the fuel accumulator 22 in the common rail 53. The 
fuel pump 2 comprises two pumps, i.e. , a first fuel pump 2a and a second fuel pump 2b. 
The first and second fuel pumps 2a and 2b are connected to the fuel accumulator 22 via 



fuel supply pipes 37a and 37b 37b, respectively corresponding thereto. Fuel is alternately 
discharged from the first and second fuel pumps 2a and 2b. 

In this fuel injection device, as is_apparent in Fig. 7, the fuel injectors 1a to 1f are 
sequentially, from one end to the other, connected to the fuel exits 22a to 22f via the 
injection pipes 21a to 24121 f, respectively corresponding thereto. That is, the fuel injector 
1a is connected to the fuel exit 22a through the injection pipe 21a, and likewise, the valves, 
exits and pipes are connected in the following manner: the fuel injector 1b <=> the injection 
pipe 21 b <=> the fuel exit 22b, .. , the fuel injector 1f <=> the injection pipe 21f ~ the fuel exit 
22f. 

In the example shown in Fig. 7, a fuel introducing position (connecting portion for the 
fuel supply pipes 37a and 37b) for the fuel accumulator 22 is set between the fuel exits 22b 
and 22c, the fuel exits 22a to 22f are pitched irregularly, and distance between each of the 
fuel injectors la to if and each of the fuel exits 22a to 22f is made shorter to thereby allow 
each of the injection pipes 21a to 21f to have the same length. By allowing each of the 
injection pipes 21a to 21f to have the same length, the irregularities in the amount of fuel 
injection are reduced to a low level. 

However, with the configuration of the patent document 1 as described above, since 
the fuel introducing position for the fuel accumulator 22 is set between the fuel exits 22b 
and 22c, the fuel supply pipes 37 and 37b become long as compared with a case in which, 
for example, the fuel introducing position is set at an end of the fuel accumulator 22 (a 
lower section in Fig. 7), and therefore, there is a possibility that reliability is lowered. 

Further, with the configuration of the patent document 1 , it is necessary to set the 
positions of the fuel exits 22a to 22f of the fuel accumulator 22 in accordance with cylinder 
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pitches of the engine and thus, the common rail 53 becomes a specified part for each 
series of engines. Therefore, some kinds of common rails must be prepared in accordance 
with shapes and types of the engines, which results in the deterioration of productivity and 
the increase of production cost. 

SUMMARY OF THE INVENTION 
The present invention has been accomplished based on the above problems, and it 
is an object of the invention to provide a piping structure of fuel injection pipes for an 
engine having such advantages that irregularities in the amount of fuel injection are 
reduced to enhance engine performance, or productivity and reliability of piping structure 
can be enhanced. 

To solve the above problems, a first piping structure of fuel injection pipes of an 
engine of the present invention is provided, wherein in a piping structure of fuel injection 
pipes for an engine, the pipes disposed between fuel iniectorsf i nj e ct i on injection nozzles) 
respectively provided to a plurality of cylinders being disposed in a line and a fuel 
accumulator (a common rail) which delivers fuel to the fuel injectors, each of the fuel 
injection pipes is individually connected to each of the fuel injectors of the cylinders, each 
of the plurality of the fuel injection pipes is individually connected to each of a plurality of 
fuel exit holes arranged along the longitudinal direction of the common rail and all or some 
of the plurality of the fuel injection pipes are arranged to be crossed each other. 

A second piping structure of fuel injection pipes of an engine of the invention is 
provided, wherein in a piping structure of fuel injection pipes for an engine, the pipes 
disposed between fuel injectors respectively provided in a plurality of cylinders being 
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disposed in a line and an in-line pump having a plurality of individual pumps being 
disposed in a line respectively provided for each of the fuel injectors for pressurizing fuel 
which is to be delivered to each of the fuel injectors, each of the fuel injection pipes is 
individually connected to each of the fuel injectors of the cylinders, each of the plurality of 
the fuel injection pipes is individually connected to the plurality of the individual pumps and 
all or some of the plurality of the fuel injection pipes are arranged to be crossed each other. 

According to the piping structure of the invention, all or some of the plurality of fuel 
injection pipes are made to be crossed, and thereby it becomes easy to allow the fuel 
injection pipes to have the same length. Therefore, since the irregularities in the amount of 
fuel injection can be reduced, the engine performance can be enhanced. Greater effect 
can be obtained especially when this piping structure is applied to a multi-injection system 
in which a pilot injection system, a pre-injection system, a post-injection system or the like 
is provided together with a main injection system. In the piping structure of the invention, 
since it is unnecessary to sag intermediate portions of the injection pipes nor to form the 
injection pipes mte-ina shape being complicatedly bent in order to adjust the length of the 
fuel injection pipes, productivity and reliability can be enhanced. 

In the piping structure of fuel injection pipes for an engine, it is possible to allow a 
plurality of the injection pipes to have the same length or substantially the same length. In 
this case, the irregularities in the amount of fuel injection can be reduced and the engine 
performance can be enhanced by allowing each of the fuel injection pipes to have the 
same length or substantially the same length. Great effect can be obtained especially when 
this piping structure is applied to a multi-injection system in which a pilot injection system, a 
pre-injection system, a post-injection system or the like is provided together with a main 
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injection system. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view showing a piping structure (piping structure of a common rail 
type) of fuel injection pipes according to an aspect of a first embodiment of the present 
invention. 

Fig. 2(A) is a pattern diagram showing a piping structure of a six-cylinder engine 
according to an aspect of the embodiment, and Fig. 2(B) is a pattern diagram showing a 
piping structure of a conventional six-cylinder engine. 

Fig. 3 is a plan view showing a piping structure (piping structure ofa-an in-line pump 
type) of fuel injection pipes according to an aspect of a second embodiment of the 
invention. 

Figs. 4 4A and 4B are pattern diagrams showing examples of fuel injection pipes 
with respect to a four-cylinder engine. 

Figs. 5 -5A and 5B are pattern diagrams showing examples of fuel injection pipes 
with respect to a six-cylinder engine. 

Figs. 6 -6A and 6B are pattern diagrams showing examples of fuel injection pipes 
with respect to an eight-cylinder engine. 

Fig. 7 is a plan view of a fuel injection device disclosed in the patent document 1 . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention will be explained below with reference to the drawings. 
Fig. 1 is a plan view showing a piping structure (piping structure of a common rail 
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type) of fuel injection pipes according to the aspect of the first embodiment of the present 
invention. 

Fig. 2 (A) is a pattern diagram showing a piping structure of a six-cylinder engine 
according to the aspect of the embodiment, and Fig. 2(B) is a pattern diagram showing a 
piping structure of a conventional six-cylinder engine. 

Fig. 1 shows cylinder heads 100 having six cylinders. The cylinder heads 100a to 
100f are respectively provided with fuel injectors (injection valves) 101a to 101f. Each tip 
end of the fuel injectors 101a to 101f is an injection nozzle. 

Each of the fuel injectors 101a to 101 f is connected to each of joints with nuts 105a 
to 105f (simply referred as joints, hereinafter) in common rail 105 extending linearly through 
fuel injection pipes 103a to 103f. The common rail 105 is connected to a fuel pump 107. 
Tow -Two fuel supply pipes 1 09a and 1 09b extend from the fuel pump 1 07. The fuel pump 
107 is connected to the common rail 105 through the fuel supply pipes 109a and 109b. 

Each end portion of the fuel injection pipes 1 03a to 1 03f is inserted into each of the 
joints 105a to 105f to be connected in the common rail 105 and then is fastened with nuts. 
Each of the joints 1 05a to 1 05f in the common rail 1 05 serves as fuel exits through which 
fuel is discharged. As shown in Figs. 1 and 2(A), each of the fuel injectors 101a to 101f and 
each of the joints 1 05a to 1 05f in the common rail 1 05 are connected via the fuel injection 
pipes 103a to 103f according to following relation (1) to (6): 

(1) The first fuel injector 101a from the left in the drawing is connected to the first 
joint 105a from the left in the drawing via the fuel injection pipe 103a. 

(2) The second fuel injector 101b from the left in the drawing is connected to the 
fourth joint 105d from the left in the drawing via the fuel injection pipe 103b. 
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(3) The third fuel injector 101c from the left in the drawing is connected to the fifth 
joint 105e from the left in the drawing via the fuel injection pipe 103c. 

(4) The fourth fuel injector 1 0ld from the left in the drawing is connected to the 
second joint 105b from the left in the drawing via the fuel injection pipe 103d. 

(5) The fifth fuel injector 101e from the left in the drawing is connected to the third 
joint 105c from the left in the drawing via the fuel injection pipe 103e. 

(6) The sixth fuel injector 1 01 f from the left in the drawing is connected to the sixth 
joint 105f from the left in the drawing via the fuel injection pipe 103f. 

In this embodiment, as in the relation (2) to (5), it can be achieved to allow all the 
fuel injection pipes 103a to 103f to have the same length by crossing the injection pipes 
103b, 103c, 103d and 103e to connect. On the contrary, as shown in Fig. 2(B), if the fuel 
injection pipes are not made to be crossed and the fuel injectors and the joints (fuel exits) 
of the common rail are connected to each other in the order of #1 to #6 (as in a general 
conventional piping structure), it can not be easily achieved to allow all the fuel injection 
pipes to have the same length. 

One example of numeric values will be given. In the case of Fig. 2(A) of the 
embodiment, it was possible that all the fuel injection pipes were made to have the same 
length of 701. 0mm, while in the conventional case shown in Fig. 2(B), the lengths of #1 
and #6 fuel injection pipes were 691.0mm, the lengths of #2 and #5 fuel injection pipes 
were 576. 5mm, the lengths of #3 and #4 fuel injection pipes were 442.0mm, and 
irregularities in a range of 1 to 1.56 times were found. 

As described above, according to the aspect of the embodiment, it is possible to 
reduce the irregularities in the amount of fuel injection and to enhance the engine 
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performance by achieving the fuel injection pipes 103a to 103f having the same length. 
Great effect can be obtained especially when this piping structure is applied to a 
multi-injection system in which a pilot injection system, a pre-injection system, a 
post-injection system or the like is provided together with a main injection system. In this 
aspect of the embodiment, since it is unnecessary to sag intermediate portions of the 
injection pipes AGf-orto form the injection pipes into a shape bemg -that is complicatedlv 
bent x as compared with the patent document 1 described above, productivity and reliability 
can be enhanced. 

Next, an aspect of a second embodiment of the present invention will be explained. 

Fig. 3 is a plan view showing a piping structure (piping structure of an in-line pump 
type) of fuel injection pipes according to the aspect of the second embodiment of the 
invention. 

Fig. 3 shows cylinder heads 120 having six cylinders. The cylinder heads 120 
respectively includes fuel injectors (injectors) 121a to 121f. Each tip end of the fuel 
injectors 121a to 121f is an injection nozzle. Each of the fuel injectors 121a to 121f is 
connected to each of joints (fuel exits) 125a to 125f of an in-line pump 125 having 
individual pumps through fuel injection pipes 123a to 123f . Each end of the fuel injection 
pipes 1 23a to 1 23f is inserted into each of the joints 1 25a to 1 25f in the in-line pump 1 25 to 
be connected and then is fastened with nuts. 

In the piping structure of this second embodiment as well, with the same relation 
with (1) to (6) described above (see Fig. 2(A)), it can be achieved to allow all the fuel 
injection pipes 123a to 123f to have the same length by crossing the injection pipes 123b, 
123c, 123d and 123e to connect. Thus, in this case as well, it is possible to reduce the 
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irregularities in the amount of fuel injection and to enhance the engine performance. 

Next, examples of the piping structure of the fuel injection pipes with respect to 
four-cylinder, six-cylinder and eight-cylinder engines will be explained. 

Figs. 4, 5 and 6 are pattern diagrams respectively showing examples of the piping 
structure of fuel injection pipes of the four-cylinder, six-cylinder and eight-cylinder engines. 
In each of these drawings, O (circle) in the upper side represents the fuel injectors and □ 
(rectangle) in the lower side represents the common rail or in-line pump, and thick lines 
therebetween represent fuel injection pipes. Numbers are arranged from the left in order, 
symbols X are added to the ends of the numbers of the fuel injectors represented by O, 
and symbols Y are added to the ends of the numbers of the fuel exits of the common rail or 
tandem pumps represented by □, thereby distinguishing the fuel injectors and common rail 
or in-line pumps. 

"In the case of four-cylinder engine" shown in Fig. 4(A), the pipes are arranged in 
accordance with the relation of #1X~#>#1 Y, #2X«#3Y, #3X~#2Y, #4X~#4Y. In this case, 
two intermediate fuel injection pipes are crossing. In the case shown in Fig. 4(B), the pipes 
are arranged in accordance with the relation of #1X~#3Y, #2X~#4Y, #3X~#1Y, #4X«#2Y. 
In this case, four fuel injection pipes are crossing. 

"In the case of six-cylinder engine" shown in Fig. 5(A) , the pipes are arranged in 
accordance with the relation of 1IX~1IY, #2X~#4Y, #3X~#5Y, #4X~#2Y, #5Xp~3Y, 
#6X«#6Y. This case is the same as shown in Fig. 2(A), and four intermediate fuel injection 
pipes are crossing. 

In the case shown in Fig. 5(B), the pipes are arranged in accordance with the 
relation of #1X~#4Y, #2X«#5Y, #3X«#6Y, #4X«#1Y, #5X«#2Y, #6X~#3Y. In this case, 
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six fuel injection pipes are crossing. 

"In the case of eight-cylinder engine" shown in Fig. 6(A), the pipes are arranged in 
accordance with the relation of #1X~#1Y, #2X<=>#5Y, #3X<=>#6Y, #4X~#7Y, #5X~#2Y, 
#6X<=>#3Y, #7X~#4Y, #8X~#8Y. In this case, six intermediate fuel injection pipes are 
crossing. In the case shown in Fig. 6 (B), the pipes are arranged in accordance 
with the relation of #1X~#5Y, #2X~#6Y, #3X~#7Y, #4X~#8Y, #5X~1Y, #6X-#2Y, 
#7X~#3Y, #8X~#4Y. In this case, eight fuel injection pipes are crossing. 

If all or some of the fuel injection pipes are crossed to allow the pipes to have -the 
same length other than those shown in Figs. 4 to 6, other examples of the piping structure 
can be employed. 

As apparent from the above explanation, the present invention can provide a piping 
structure of fuel injection pipes for an engine having advantages that irregularities in the 
amount of fuel injection are reduced to enhance engine performance and productivity and 
reliability of the piping structure can be enhanced. 
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ABSTRACT OF THE DISCLOSURE 



Cylinder heads (100a to 100f) are respectively provided with fuel injectors (101a to 
101f). Each of the fuel injectors (101a to 101f)is connected to each of joints (105a to 105f) 
in a common rail (1 05) extending linearly through fuel injection pipes (1 03a to 1 03f). In this 
example, it can be achieved to allow all the fuel injection pipes (1 03a to 1 03f) to have the 
same length by crossing the injection pipes (1 03b, 1 03c, 1 03d and 1 03e) to connect. With 
this configuration, it is possible to reduce the irregularities in the amount of fuel injection 
and to enhance the engine performance. 
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